SUMMARY
Gram-positive organisms such as streptococci and enterococci are often difficult to lyse. Obtaining DNA for procedures such as PCR amplification usually requires a large scale isolation for each strain under investigation. We describe a simple procedure for small volumes of whole cells, involving pretreatment with detergent and proteinase that allows for efficient release of DNA for PCR amplification. This procedure is fast, reproducible, can be used with a large number of samples, and has been successfully applied to a variety of streptococcal and enterococcal strains.
INTRODUCTION
The polymerase chain reaction (PCR) is a powerful tool that has allowed a variety of new approaches to be taken for DNA analysis. Because PCR is such a sensitive technique, only minute amounts of template DNA are necessary to begin the amplification reaction, To circumvent the time-consuming task of DNA isolation, procedures have been developed for Gram-negative organisms, such as Salmonella typhimurium and Escherichia toli, which employ pretreated whole cell extracts in the PCR procedure [1, 2] . This pretreatment results in the accessibility of the cellular DNA to the Taq polymerase and oligonucleotide primers so that amplification can proceed.
Streptococci and other Gram-positive organisms have rigid cell walls that are resistant to many lysis procedures. DNA isolation from such organisms has proven to be a multistep, time-consuming, and sometimes inefficient procedure. To enable PCR amplification in studies directed at molecular epidemiology, gene identification, or gene cloning, there is a need for a rapid method to make the DNA of Gram-positive bacteria accessible. We describe a simple procedure that has proven useful for the amplification of specific genes from small volumes of pretreated whole ceils of Streptococcus pyogenes and Enterococcus faecalis.
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MATERIALS AND METHODS
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Cultures of streptococci and enterococci were grown overnight in 1-2 ml of medium supplemented with glycine at a concentration (0.5-1.75%) that reduced the growth fate by about 25% [3] . Bacterial cells were harvested by centrifugation at room temperature in a microcentrifuge for 3 min. The cell pellet was resuspended in 1 ml of 2(1% sucrose (w/v) in STE (10 mM Tris. HCI pH 8.0; 100 mM NaCI; 1 mM EDTA pH 8.0) containing lysozyme. The concentration of iysozyme used for lysis of Enterococcus faecalis strains was 2.5 mg/ml, while for group A streptococci 25 mg/ml was used. Mutanolysin (50 U/roll was included to aid [ysis of group A streptococci. After incubation at 37°C for 30-60 min samples were centrifuged as above and the pellet resuspended in 1 ml of iysis buffer consisting of: 50 mM KC[; 10 mM Tris. HCI pH 8.3; 0.1 mg/ml gelatin; 0.45% Nonidet P-40; and 0.45% Tween 20 supplemented with proteinase K [4] . The final concentration of proteinase for enterococcal strains was 5 g/ml and for the other streptococcal strains 100 g/ml. Following incubation at 60°C for 60 min the samples were heated at 95°C for 10 min to inactivate proteinase K, any residual cellular proteases or nucleuses, and to denature the target DNA.
A modification of the basic procedure, was to amplify DNA of streptococcal cells directly from an overnight agar plate culture. In this protocol a colony was removed from the agar surface, resuspended in 100 1 of mutanolysin/lysozyme solution (25 mg/ml lysozyme, 50 U/ml mutanolysin) and incubated for 60 min at 27°C. Cells were pelleted and resuspended in 100 1 lysis bt, ffer containing 100 g/ml proteinase K. Further treatment was carried out as described above.
Primers used in the PCR amplification were 21-24 nucleotides long (,see [9] . Primers used were (I) 5'-CAACAATITI'ATGATG-GAGGG-3' and (2) 5'-CAATAGGTGTTA'['rCCTAATCC-3' for 30 cycles using l-rain denaturation at 94°C, I min annealing at 37°C and 2 min extension at 72°C. Amplifications in lanes 3 through 7 were performed using crude cell lysates. was included in the reaction mix of increase the specificity of amplification. Reaction mixtures were covered with 50 ! of light mineral oil and placed in an automated thermal cycler (PerkinElmer). Amplification conditions variea depending on the particular primers and fragment of interest. Cycle conditions were modified as needed to optimize amplification of the respective target DNA. 10 ~1 of reactions were assayed on 1% agarose gels in the presence of 11.5 g/ml ethidium bromide [5] . 
RESULTS AND DISCUSSION
Application of PCR to studies involving large numbers of streptococcal or enterococeal strains has been limited by cumbersome methods for accessing the genomes of these bacteria. The requirement to screen large numbers of streptococcal strains for the presence of a cloned and characterized hyafuronidase gene [6] was the incentive to develop a simple and rapid procedure for the preparation of PCR amplifiable DNA from streptococci.
Lysis procedures for Gram-positive organisms, in particular streptococci, involve weakening of the cell wall by growth in the presence of glycine followed by enzymatic treatment and lysis with ionic detergents [7] . As detergents such as SDS have a detrimental effect on the ability of the Taq polymerase to function in PCR amplification [8] , it was necessary to modify such procedures prior to use in PCR amplification. A lysis buffer using the non-ionic d,~ergents Nonidet P-40 and Tween 20 was recently described for use with recombinant baculoviruses [4] which can be used directly in PCR amplification.
Following growth of the cells in the presence of glycine, and incubation with lysozyme, mutanolysin and lysis buffer, it was found that streptococcal lysates could be used directly for PCR amplification. Using primers internal to the group A streptococcal bacteriophage hyaluronidase gene [6] a fragment of DNA was amplified in streptococcal strains containing the hyiP gene (Figs. 1,   2 ). As shown in Fig. 2 DNA. Strains lacking the target fragment show some non-specific priming and amplification. The presence of ceUular components and lysis buffer did not appear to have any adverse effect on the ability of the hyIP fragment to be amplified (Fig.   la) . Similar results were obtained using primers specific for the cytolysin determinant encoded by E. faecalis plasmid pADi [9] (Fig. lb) . The portion of the cytolysin determinant amplified by this procedure has been used directly for DNA sequence analysis, eliminating the need for subcloning. Finally, two genes located within the chromosome of group A streptococci, streptolysin 0 ~sio } and streptococcal exotoxin B (speB), have also been amplified with appropriate primers using crude cell lysates (results now shown). The ability to directly amplify DNA fragments from crude lysates of streptococci and enterococci will permit rapid analysis of genes in large numbers of strains. Furthermore, handling of highly infectious and pathogenic strains is minimized by this procedure. The method described has been found to be applicable to all streptococcal strains tested, which suggests that it will be of general value for amplification of DNA from diverse Gram-positive species.
